A numerical model is developed to study the effect of thermal radiation on unsteady boundary layer flow with temperature dependent viscosity and thermal conductivity due to a stretching sheet in porous media. The Rosseland diffusion approximation is used to describe the radiative heat flux in the energy equation. The governing equations reduced to similarity boundary layer equations using suitable transformations and then solved using the Runge-Kutta numerical integration, procedure in conjunction with shooting technique. A parametric study illustrating the influence of the radiation R, variable viscosity ε, Darcy number Da, porous media inertia coefficient γ, thermal conductivity κ and unsteady A parameters on skin friction and Nusselt number.
Nomenclature
A dimensionless parameter measure Nu x local Nusselt number of the unsteadiness (Nu x = hx/k) B dimensionless parameter P r Prandtl number C inertia coefficient q w wall heat flux C f x local skin friction R radiation parameter C P specific heat Re x local Reynolds number Da Darcy number T temperature f dimensionless velocity t time h local heat transfer coefficient T ∞ ambient temperature K permeability of the porous media T w wall temperature χ mean absorption coefficient u velocity component in x-direction k thermal conductivity of fluid x horizontal co-ordinate k ∞ dynamic viscosity of ambient fluid y vertical co-ordinate
Greek symbols
β thermal expansion coefficient ε viscosity variation parameter γ inertia resistance parameter κ thermal conductivity variation η dimensionless co-ordinate θ dimensionless temperature δ positive constant ψ stream function µ absolute viscosity ρ density of the fluid µ ∞ dynamic viscosity σ Stefan-Boltzman constant of the ambient fluid σ s scattering coefficient ν kinematic viscosity σ 0 electrical conductivity Subscripts w at the wall ∞ condition far away from the surface 
Introduction
The heat transfer from a stretching surface is of interest in many practical applications. Such situations arise in the manufacturing process of plastic and rubber sheets where it often necessary to blow a gaseous medium through the unsolidified material. Extrusion processes, glass blowing, continuous coating and spinning of fibers also involve the flow due to a stretching surface.
The momentum boundary layer for linear stretching of sheet was first studied by Crane [1] . The temperature flied in the flow over stretching surface subject to a uniform heat flux was studied by Grubka and Bobba [2] , while Elbashbeshy [3] considered the case of stretching surface with a variable surface heat flux. Elbashebeshy and Bazid [4] have presented similarity solutions of the boundary layer equations, which describe the unsteady flow and heat transfer over a stretching sheet. Sharidan et al. [5] investigated the unsteady flow and heat transfer over a stretching sheet in viscous and incompressible fluid.
Pop and Tsung [6] studied unsteady flow past a stretching sheet. Nazar et al. [7] have studied unsteady boundary layer flow in the region of the stagnation point on a stretching sheet. Yürüsoy [8] investigated unsteady boundary layer flow of power-law fluid on stretching sheet surface. Chen [9] have studied effect of viscous dissipation on heat transfer in a non-Newtonian liquid film over an unsteady stretching sheet. Dandapat et al. [10] investigated the effects of variable fluid properties and thermocapillarity on the flow of a thin film on an unsteady stretching sheet. Chiam [11] considered the effect of a variable thermal conductivity on the flow and heat transfer from a linearly stretching sheet.
Salem [12] investigated variable viscosity and thermal conductivity effects on MHD flow and heat transfer in viscoelastic fluid over a stretching sheet. Seddeek et al. [13] studied the effects of variable viscosity and thermal conductivity on an unsteady twodimensional laminar flow of a viscous incompressible conducting fluid past a semi-infinite vertical porous moving plate taking into account the effect of a magnetic field in the presence of variable suction. Odda and Farhan [14] have considered the effects of variable viscosity and variable thermal conductivity on heat transfer from a stretching sheet. The fluid viscosity and the thermal conductivity are assumed to vary as inverse linear functions of temperature. Hossain et al. [15] have studied natural convection with variable viscosity and thermal conductivity from a vertical wavy cone. Hossain et al. [16] considered a steady two-dimensional laminar forced flow and heat transfer of a viscous incompressible fluid having temperature dependent viscosity and thermal conductivity past a wedge with a uniform surface heat flux. In formulating the equations governing the flow both the viscosity and the thermal conductivity of the fluid are considered to be linear function of temperature see [16] .
Due to its numerous applications in a wide variety of industrial processes as well as in many natural circumstances, the subject of convective flow in porous media has attracted considerable attention in the last few decades. Examples of such technological applications are geothermal extraction, storage of nuclear waste material, ground water flows, thermal insulation engineering, food processing, fibrous insulation, soil pollution and packed-bed reactors to name just a few.
Chamkha [17] has studied unsteady hydromagnetic flow and heat transfer from a non-isothermal stretching sheet immersed in a porous medium. Hassanien et al. [18] investigated variable viscosity and thermal conductivity effects on combined heat and mass transfer in mixed convection over a UHF/UMF wedge in porous media in the entire regime. Umavathi et al. [19] studied the effect of thermal radiation on mixed convection flow of two immiscible fluids in a vertical porous stratum. El-Amin et al. [20] considered the effect of thermal radiation on Forchheimer natural convection over vertical flat plate in a fluid saturated porous medium. El-Kabeir et al. [21] have investigated the effect of thermal radiation and a transverse magnetic field with surface mass transfer in free convection on a vertical stretching surface with suction and blowing. The effect of thermal radiation on free convection flow with variable viscosity and uniform suction velocity along a uniformly heated vertical porous plate embedded in a porous medium in the presence of a uniform transverse magnetic field is analyzed by Modather and ElKabeir [22] .
In the present work I propose to extend the work of Sharidan et al. [5] and study the effect of thermal radiation on unsteady boundary layer flow with temperature dependent viscosity and thermal conductivity due to a stretching sheet through porous media. The governing equations reduced to similarity boundary layer equations using suitable transformations and then solved using the Runge-Kutta numerical integration, procedure in conjunction with shooting technique. Numerical result are presented in terms of local skin friction coefficient and rate of heat transfer for various values of the variable viscosity ε, thermal conductivity κ, radiation R and unsteady A parameters against Darcy number Da, porous media inertia coefficient γ. The effect of variation in ε, κ, A, Da, R and γ on the dimensionless velocity, viscosity, thermal conductivity and temperature distribution are also depicted graphically.
Mathematical formulation
We consider the unsteady two-dimensional laminar flow of a viscous incompressible micropolar fluid with temperature dependent viscosity and thermal conductivity past a semi-infinite stretching sheet in the region y > 0, as shown in Fig. 1 . Keeping the origin fixed, two equal and opposite forces are suddenly applied along the x-axis, which results in stretching of the sheet and hence, flow is generated. At the same time, the wall temperature T w (x, t) of the sheet is suddenly raised from T ∞ to T w (t, x) (> T ∞ ). Under these assumptions, the basic unsteady boundary layer equations governing the flow and heat transfer due to the stretching sheet are given by mass:
momentum:
energy:
In the above equations t is the time u and v are the components of fluid velocity in the x and y directions respectively, ρ -the density of ambient fluid, T is the fluid temperature in the boundary layer region. µ and k are respectively the dynamic viscosity and the thermal conductivity, following are given as below:
and
In (4) µ ∞ is the viscosity and k ∞ is the thermal conductivity of the ambient fluid, T ∞ is the temperature of the ambient fluid, T 0 is some reference temperature and α 1 , α 2 are constant. Clearly α 1 = 0 and α 2 = 0 represent that the dynamical viscosity and the thermal conductivity be uniform. Solutions of the above equations have to satisfy the following boundary conditions:
We assume now that the velocity of the sheet u w (t, x) and the sheet temperature T w (t, x) have the following form:
Where c is the stretching rate being a positive constant, δ is a positive constant, which measures the unsteadiness. The quantity q r on the right-hand side of equation (3) represents the radiative heat flux in the y direction. In order to reduce the complexity of the problem and to provide a means of comparison with future studies, a more detailed representation for radiative heat flux, for optically thick radiation limit, is considered in the present analysis. Thus the radiative heat flux term in the energy equation is simplified by utilizing the Roesseland diffusion approximation (Sparrow and Cess [23] ) for an optically thick boundary layer as follows:
Where σ is the Stefan-Boltzman constant, χ is the mean absorption coefficient, a 0 is the Rosseland mean absorption coefficient and σ s is the scattering coefficient. This approximation is valid at point optically far from the bounding surface, and is good only for intensive absorption, that is for an optically thick boundary layer. If temperature differences within the flow are sufficiently small such that T 4 may be expressed as a linear function of the temperature, then the Taylor series for T 4 about T ∞ , after neglecting higher order terms, is given by:
∞ . We introduce now the following new variables
Where ψ is the stream function satisfying the continuity equation, f (η) is the dimensionless stream function, η is pseudo-similarity variable, θ(η) is the dimensionless temperature of the fluid in the boundary layer region, ν ∞ = µ ∞ /ρ is the free stream kinematic viscosity.
Substituting the transformation given in (6) into (2), (3) one obtains the following non-similar system of equations governing the flow:
The corresponding boundary conditions transform to:
Where
Where ε is the viscosity variation, κ is the thermal conductivity parameters, A is a nondimensional constant which measures the flow and heat transfer unsteadiness and P r the Prandtl number. The quantities of physical interested, namely, the local skin friction C f and the rate of heat transfer in terms of local Nusselt number Nu x are prescribed by:
Where τ w is the skin friction and q w is the heat transfer from the sheet are given by:
where Re x = u w x/ν ∞ is the local Reynolds number.
Results and discussion
Equations (7), (8) with the boundary conditions (9) are solved numerically, employing the sixth order implicit Runge-Kutta-Butcher initial value problem solver along with Nachtsheim-Swigert iteration technique. Here, solutions are obtained, up to the third level of truncation. Calculations were carried out for the value of Prandtl number 1.0, the viscosity variation parameter ε ranged from 0 to 1.0, the thermal conductivity
Tables 1-5 displays the results for the values of the skin friction factor and Nusselt number to show the effect of thermal radiation on unsteady boundary layer flow with temperature dependent viscosity and thermal conductivity over a stretching sheet in porous media. In order to know the accuracy or the method used, computed values of f ′′ (0) and θ ′ (0) were obtained for (ε = κ = γ = Da = R = 0) and compared with obtained by Grubka and Bobba [2] , Elbashbeshy and Bazid [4] and Sharidan et al. [5] in Table 1 and good agreement has been obtained with their results. The effect of temperature dependent viscosity and thermal conductivity with Darcy number on local skin friction coefficient and Nusselt number is shown in Table 2 , It can be seen from this table that the viscosity variation parameter has a significant effect on the local Nusselt number. As the viscosity variation parameter decreases, the thermal boundary layer thickness decreases and, thus, the rate of the heat transfer increases. The viscosity variation parameter also has a noticeable effect on the local skin friction coefficient, decreasing the viscosity within the boundary layer leads to an increase in the velocity within the layer and, thus, increases the local skin friction coefficient. Darcy number parameter also has a noticeable effect on the local skin friction coefficient, increasing Darcy number within the boundary layer leads to an increase in the velocity within the layer and thus increases the local skin friction coefficient, on the other hand as it increases the thermal boundary layer thickness decreases and thus the rate of the heat transfer increases. Moreover, the effect of thermal conductivity variation on the local skin friction coefficient and heat transfer rate is observed that as thermal conductivity variation parameter increases, there is a decrease in the local skin friction coefficient while the local Nusselt number has the opposite behavior. Table 1 . Values of f ′′ (0) and θ ′ (0) with P r = 1.0 and Da = R = γ = κ = ε = 0. Table 2 . Values of f ′′ (0) and θ ′ (0) for various values of κ, Da and ε with P r = 1.0, A = 0.8, γ = 1.0 and R = 2.0. Table 3 . Values of f ′′ (0) and θ ′ (0) for various values of γ, Da and A with P r = 1.0, R = 0.5, ε = 0.5 and κ = 0.5. Table 3 show the effect of unsteady parameter A and porous media inertia coefficient γ on local skin friction coefficient and Nusselt number, the results indicate also that as the unsteady parameter A increases the shear stress and Nusselt number decrease, on the other hand as porous media inertia coefficient γ increases the shear stress decreases and Nusselt number increases. The effect of the radiation on the local skin friction and the heat transfer coefficients for steady state (A = 0) and unsteady state (A = 0.8) is shown in Table 4 and 5 respectively. It can be seen from this Table 4 that an increase in the value of the radiation parameter R leads to a significant change in the values of the local skin friction coefficient and the local heat transfer coefficient. This can be attributed to the thermal radiation interaction enhancement, which increases the fluid velocity and, consequently, increases the velocity gradient at the wall. The opposite trend is observed for unsteady state (A = 0.8) in Table 5 . Figs. 2-5 display the dimensionless of velocity f ′ and temperature θ profiles for various values of Darcy number parameter Da, unsteady parameter A, the thermal conductivity variation parameter κ and porous media inertia coefficient γ respectively, while the other parameters are fixed. it can be seen that the velocity and temperature of the fluid increase as Darcy number parameter Da and the thermal conductivity variation parameter κ increase, while the opposite trend is observed for the effect of A and porous media inertia coefficient γ, i.e. increasing A and γ lead to decrease the velocity and temperature profiles, except for A = 0.0. In this case A = 0.0 (steady-flow case) the temperature profiles overshoot its value at the sheet surface, as can be seen from Figs. 3, 5 . This behavior is in agreement with the results of Elbashbeshy and Bazid [4] and Sharidan et al. [5] . Moreover, the boundary-layer thickness decreases with an increase in A which in turn increases the skin friction coefficient and the Nusselt number. In addition, the effect of κ on the boundary-layer separation is not very pronounced compared to the effects of A.
Figs. 6-10 display the dimensionless of velocity f ′ temperature θ profiles for various values of the viscosity variation parameter ε, Darcy number parameter Da and radiation parameter R, respectively. It is observed that the velocity and temperature across the boundary layer, increase with increasing viscosity variation parameter ε. These results show that increasing the viscosity variation is to accelerate the velocity and hence produces a decrease in the temperature. Further, the boundary-layer thickness increases with an increase in ε which in turn decreases the velocity gradient at the surface, while increases the rate of heat transfer −θ ′ (0) and hence produces a decrease in the skin friction coefficient and Nusselt number. On the other hand, as the value of radiation parameter R is increased, a significant decrease in the velocity and temperature distributions is observed.
Figs. 11-14 describes the behavior of the velocity and temperature fields for case of steady state flow (A = 0.0), it can be seen that, the velocity and temperature fields of the fluid increase as the Darcy number Da increases, while the velocity decreases as the thermal radiation parameter R increases and temperature has the opposite behavior, on the other hand as thermal conductivity parameter κ increases the velocity of the fluid decreases while the velocity increases. 
Concluding remarks
In the present work we consider the effect of thermal radiation on unsteady boundary layer flow with temperature dependent viscosity and thermal conductivity due to a stretching sheet through porous media. The governing equations reduced to similarity boundary layer equations using suitable transformations and then solved using the Runge-Kutta numerical integration, procedure in conjunction with shooting technique. Numerical result are presented in terms of local skin friction coefficient and rate of heat transfer for various values of the variable viscosity ε, thermal conductivity κ and unsteady A parameters against Darcy number Da, porous media inertia coefficient γ. The effect of variation in ε, κ, A, Da and γ on the dimensionless velocity, viscosity, thermal conductivity and temperature distribution are also depicted graphically. Nusselt number decrease. We notice the values of Nusselt number increases with increasing of radiation parameter R and thermal conductivity parameter κ, while the skin friction has the opposite behavior, on the other hand as porous media inertia coefficient γ increases the shear stress decreases and Nusselt number increases.
